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Epidemiology 
• When looking at the entire population brainstem tumors account for 1.6% of all 

tumors and 3.8% of all malignant tumors (CBTRUS 2010-2014) 

• Represents 10 % of all brain tumors in the pediatric population 

• 15-20% of posterior fossa tumors 

• 80% Pontine location (In kids ~75% from brain stem tumors relate to the old entity 

DIPG) 

•     150-200 new cases/year in North America 

• Midbrain and medulla account for minority  

• Occur in the first decade (more in the second half of it) 

• Second peak in the 4th decade 

• Slight male predilection 
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Few words on Anatomy 

 Brainstem comprises 

the midbrain, pons 

and medulla 

 Smallest part of the 

encephalon 

 6 cm by 3.5 cm wide  

 1/5 volume of the 

entire brain 

 Highly complex neural 

circuitry (anatomically 

and functionally) 
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Very complex neurovascular anatomy 
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• Bailey 1930 
“Until some effective treatment other than 

surgery is devised gliomas of the brainstem will 
be hopeless problems for treatment” 

 

• Matson, 1969 
“the location of these tumors in itself obviates the 

possibility of surgical removal” 
“regardless of specific histology they must all be 

classified as malignant tumors, since their 
location in itself renders them inoperable” 

 Matson DD: Neurosurgery of Infancy and Childhood, 2nd Ed. 
Springfield, Charles Thomas, 1969, pp.469-477. 

 
No distinction between different parts of the 
brainstem 

 

History of brainstem surgery 
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• Mean survival in these early studies 

– 4 to 15 months 

– Matson then “should any patient with a clinical 
diagnosis of brainstem glioma still be alive as long 
as 18 months after diagnosis, with or without x-
ray treatment, reinvestigation and probably 
surgical exploration is indicated as some other 
lesion is probably present” 

 

History of brainstem surgery 



 First introduced by 
Alvisi in 1962, then Pool 
in 1968.   

 It was not until the 
advent of CT scans 
(1978) and MRI (1985) 
that these lesions were 
refined. 
 Hoffman et al, 1980 

 Epstein et al, 1986 
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History of brainstem surgery 
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Brainstem Tumors 
Classification and Surgical Options 

Not all brainstem tumors are alike….. 
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Classification System 
for Brainstem Tumors 
Authors Classification Scheme 

Epstein, 
1985 

Intrinsic 

Exophytic 

Disseminated 

Epstein,1986 Diffuse 

Focal 

Cervicomedullary 

Fischbein, 
1996 

Midbrain (diffuse, focal, tectal) 

Pons (diffuse, focal) 

Medulla 

Albright, 
1996 

Focal (midbrain, pons, medulla) 

Diffuse 

Choux, 1999 Type 1: intrinsic tumor, diffuse 

Type 2: intrinsic tumor, focal 

Type 3: exophytic tumor, dorsal or lateral 

Type 4: cervicomedullary tumor 
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Classification System 

 Classification system based on 
MRI (Barkovich, 1991) 

 Location 

 Midbrain, pons, medulla 

 Focality 

 Diffuse or focal 

 Direction and extent of growth 

 Degree of brainstem 
enlargement 

 Evidence of hydrocephalus 

 Hemorrhage or necrosis 
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Clinical Presentation - Characteristic Signs & 
Symptoms 
  Malignant tumor 
 Diffuse midline glioma, K27M mutant 

 Includes the old term – “DIPG”, which is 
the prototypical tumor describing 
brainstem tumors 

 High grade gliomas 

 High Grade Gliomas (non K27M 
mutant) 

 Embryonal tumors, C19MC-altered or 
not (PNETS is old term not for use) 

 Lymphoma  

 Metastases 

 Benign or focal tumors 
 Location 

 Hydrocephalus 

 



• Barkovich and others 
designed the anatomic 
and radiographic 
classification of 
brainstem tumors 

 

• WHO classification gave 
histology classification 

• Brainstem tumors tend 
to be low grade tumors 
(that are located in a 
bad location), WHO II 
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When classifications meet 

So for years, the best solution was the exophytic 
tumor, low grade astrocytoma, which was easy to 
reach … 



• In 2016, WHO 

published a 

supplement that lead 

to integrating 

molecular and 

genetics into the 

known histological 

classification from 

2007 

• For brainstem tumors 
the main change is with 
the deletion of DIPG, and 
the use of new group 
called “Diffuse midline 
glioma, H3 K27M–
mutant”  
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New era of Molecular and Genetics 



17 

• Histone H3 K27M mutations are found in 80% of the tumors used to 

called DIPG (diffuse pontine gliomas) 

• They are also found in other midline HGGs arising in the thalamus, 

cerebellum or spinal cord.  

• About 75% of histone H3 mutations occur in H3F3A, encoding the H3.3 

isoform, and 20 – 25% of mutations occur in HIST1H3B or rarely 

HIST1H3A/C, encoding H3.1  

• ACVR1 mutations almost always occur concurrently with a HIST1H3B 

K27M mutation in diffuse pontine gliomas that present at less than 5 years 

of age. While H3.1 K27M mutations are also found in thalamic HGGs, 

ACVR1 mutations have only been identified in diffuse pontine gliomas. 

Hence, molecular subtyping can reveal today the origin of the tumor 

• For patients harboring the K27M mutation the prognosis is less 

favorable 

 

 

What are “Diffuse midline glioma, 

K27M mutant”? 



Diffuse tumors: 
 Duration of symptoms is 

short 
 Less than 3 months 

 Deficits 
 Cranial nerve deficit 71-85% 

Cranial nerves V, VI, VII, IX, X 

 Cerebellar ataxia 24-87% 

 Pyramidal tracts 43-80% 
Motor, hyperreflexia, or 

sensory 

 Obstructive hydrocephalus 
 More common for the focal 

benign tumors 

 20-55% 

 

Focal tumors: 
 Raised Intracranial Pressure 

 Headaches, vomiting, 
lethargy 

 Focal deficits 
 Cranial Nerve 

Upper (CN III-VII) 

Lower (CN IX-XII) 

 Pyramidal Tracts 

 Syndromes 

 Duration of symptoms 
 Long prodrome 

 Failure to thrive 

 Extensive medical evaluation 

 
18 

Clinical signs and parameters 



MRI is the imaging 
modality and gold 
standard 

Multiplanar technique, 
with the sagittal plane 
the preferred image  

MRI devoid of artifacts 

 High resolution  

 New Sequences 
DTI, MRS 

 

 Malignant Tumors 
 Diffuse Midline Glioma 

T1:  isointense or slightly 
hypointense 

T2:  hyperintense  

Gadolinium:  Late in course 
or post treatment 

 Medulla and Midbrain 
account for relatively few 
malignant tumors 
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Imaging 
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Diffuse Infiltrative Midline Gliomas 
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Diffuse Midline  Glioma 
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Diffuse Midline Glioma 
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Diffuse Midline Glioma 
(Medullary Extension) 
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Focal Benign Brainstem Tumors: 
Juvenile Pilocytic Astrocytoma 



Focal Medullary Ganglioglioma 



No new deficits 
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Management for Brainstem Tumors 

 Hydrocephalus – Consider treating first! 
 Endoscopic Third Ventriculostomy 

 Shunt diversionary procedure 

 Diffuse Midline Tumors 
 Need for biopsy? (currently advocate only if part of trial) 

 Can the tumor be resected (e.g., Thalamopeduncular tumors) 

 Adjuvant therapy 

 Focal Tumors 
 Surgery 

Biopsy 

Radical Resection 
 Risks versus Benefits 

Surgical Technology 

 Adjuvant Therapy 
Radiotherapy 

Chemotherapy 
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Diffuse Midline Gliomas 

Surgery has no role in the current 
management for this tumor, yet the need for 
biopsy is advocated by many 

Histology:   high grade vs. low grade 

Molecular subtyping – H3 K27M mutation? 

Radiation Therapy 
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Radiotherapy 
Conventional therapy 
54 Gy (2cm margin) in 30 fractions over 6 weeks 

Once daily 

Hypofractionated Radiotherapy 
39 Gy in 13 fractions (will be considered in cases 

with limited life expectancy, e.g. large diffuse 
tumor)  

Hyperfractionated Radiotherapy 
Twice daily to 66, 70.2 and 75.6 Gy 

Toxicity 

Steroid dependence 

No substantial improvement in tumor control or survival, there is no 
support that hyper fractionated RT benefit long term adverse effects  
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Radiotherapy 

Brachytherapy 

Iodine-125 implants (Chuba et al, 1998) 

27 children permanent implants 

10 patients with brainstem tumors 
 8 patients with pontine gliomas 

 No complications 

 Results:  pending 
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Chemotherapy for Brainstem Gliomas 
 Benefit of chemotherapy is very questionable since most 

tumors will harbor K27M mutation, which shows low MGMT 

hypermethyletion, that leads to lack of efficacy for 

Temozolomide   

 High-dose myeloablative chemo- therapy with autologous 

stem-cell rescue (ASCR) has also been explored, but the role 

of this approach in the treatment of pediatric high-grade 

gliomas remains unproven. Although can benefit if GTR 

achieved   
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Several protocols for chemotherapy 

Single agents used include: 

Cyclophosphamide, ifosfamide, PCNU, cisplatin, 
carboplatin, iproplatin, AZQ, thiotepa, VP-16, 
topetecan, temodar 

Multiagent therapy: 

8-in-1, MOPP, Iphosphamide VP-16 Mesna, cisplatin 
Ara-C VP-16 

High dose with autologous rescue: 

Busulphan thiotepa, thiotepa VP-16 BCNU 

 

 

Chemotherapy for Brainstem Gliomas 
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• Always look for the kinase inhibitor option 

• These drugs were found to improve overall 

survival in patients with BRAFV600E-

mutant cancers  

• ~10% of pHGG harbor this mutation 

 

Molecular and immunologic therapy 
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Diffuse Midline Gliomas Survival 
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Current Open Protocols 
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Future Directions for Malignant Tumors 

Chemotherapy 
New Agents 

Local Delivery  
 Convection-enhanced Delivery into the Rat Brainstem. JNS 96:885-891, 2002. 

 Successful and Safe Perfusion of the Primate Brainstem:  in vivo Magnetic 
Resonance Imaging of Macromolecular Distribution during Infusion. JNS 97:905-
913, 2002 

Radiotherapy 
Interstitial therapy 

Radiosensitizers, protectors 

 





Future Therapies for Diffuse Midline Brainstem 
Tumors 



Early History for Local Delivery 



Studies for Local Delivery  



Clinical Significance for Local Delivery 
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The Ultimate Focal Tumor 
(Is the brainstem necessary??) 

Yes, it is!! 
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Illustrative Case 

8 yo boy otherwise healthy 

No past medical history 

Symptoms >12 months duration 

Headaches,Vision problems- double vision, 

Swallowing and coughing difficulty 
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Neurophysiological Monitoring 

CN monitoring as well 
as corticospinal tracts 
 
Anesthesiology team 
needs to be alert to any 
change in vital signs!!! 



Displacement of the Cranial Nerve Nuclei 

Upper Pontine Tumor Lower Pontine Tumor 

Cervicomedullary Tumor Dorsal Exophytic Tumor 
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Focal Tumors: Surgical Consideration 



Lt.upper VII 
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Lt.XII 

Rt.XII 

Bil.IX/X 

Stimulation intensity: 0.1mA 

Cranial Nerve Mapping 







Postoperative Visit: 2-4  weeks 



MRI 3 months Postop 
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Management of Brainstem Tumors 



Conclusions 

• Malignant Brainstem Gliomas 
– New Classification (molecular) 

– Role for new treatment modalities 

– To biopsy or not biopsy 

• Focal Benign Brainstem Tumors 
– Role of surgery 

– Adjuvant Therapies 
• Radiation- Mainstay Treatment 

• Chemotherapy – Which Agent? 


